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(54) OPERATIONAL AMPLIFIER CIRCUIT 

(57)Abstract: 

PURPOSE: To provide an operational amplifier circuit in 
which an output stage is in push-pull operation and a 
stability function of an output stage current is provided. 
CONSTITUTION: A 1st differential amplifier circuit 1 
having n-channel differential MOS TR pairs Q1, Q3 and a 
2nd differential amplifier circuit 2 having p-channel 
differential MOS TR pairs Q2, Q4 are provided to an 
input stage. A complementary output circuit 5 is 
configured by a p-channel MOS TR Q15 and an n- 
channel MOS TR Q16 whose gates are controlled by an 
output of the circuits 1 , 2. A current of the output stage 
MOS TRs Q15, Q16 is detected respectively by 1st and 
2nd current detection circuits 6, 7. A reference current 
source circuit 8 providing a common reference current 
to current mirror circuits 3, 4 providing an active load 
current of the differential amplifier circuits 1, 2 is 
controlled by the detected current to apply negative 
feedback to suppress fluctuation in a through-current of 
the complementary output circuit 5. 
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[Claim(s)] 

[Claim 1] The operation amplifying circuit characterized by providing the 
following. The 1st input-stage differential-amplifier circuit which has an 
active load by the 1st current Miller circuit of the differential MOS 

20 transistor pair of an n channel, and a p channel. The 2nd input-stage 

differential-amplifier circuit by which parallel connection was carried out 
to the differential MOS transistor pair of a p channel, and the input-stage 
differential-amplifier circuit of the above 1st which has an active load by 
the 2nd current Miller circuit of an n channel. The complementary-type 

25 output circuit which has the output-stage MOS transistor of the n channel 
by which the gate was controlled by the output of the input-stage 
differential-amplifier circuit of the above 1st, the gate was controlled by 
the output-stage MOS transistor of the p channel by which the drain was 
connected to the signal outgoing end, and the output of the input-stage 
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differential-amplifier circuit of the above 2nd, and the drain was connected 
to the aforementioned signal outgoing end. The 1st current detector which 
acquires the detection current which is proportional to the current of the 
output-stage MOS transistor of the aforementioned p channel using the 
5 MOS transistor for current detection of the p channel to which the same 
bias between the gate sources as the output-stage MOS transistor of the 
aforementioned p channel is given, The 2nd current detector which 
acquires the detection current which is proportional to the current of the 
output-stage MOS transistor of the aforementioned n channel using the 

10 MOS transistor for current detection of the n channel to which the same 
bias between the gate sources as the output-stage MOS transistor of the 
aforementioned n channel is given, The source circuit of reference current 
which has the current-source MOS transistor controlled by the output of 
the above 1st and the 2nd current detector, respectively, and obtains the 

15 reference current which is proportional to the sum of the above 1st and 
the detection current by the 2nd current detector as common reference 
current of the above 1st and the 2nd current Miller circuit. 
[Claim 2] The channel width of the MOS transistor for current detection of 
the aforementioned p channel and the ratio of channel length the current 

20 detector of the above 1st 1-/N of the channel width of the output-stage 
MOS transistor of the aforementioned p channel, and the ratio of channel 
length It is what is set as (N> 1 [ however, ]) and acquires the detection 
current of 1-/N of the collector current of the output-stage MOS 
transistor of the aforementioned p channel, the current detector of the 

25 above 2nd The channel width of the MOS transistor for current detection 
of the aforementioned n channel and the ratio of channel length are set as 
1-/N of the channel width of the output-stage MOS transistor of the 
aforementioned n channel, and the ratio of channel length. The operation 
amplifying circuit according to claim 1 characterized by being what 
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acquires the detection current of 1-/N of the collector current of the 
output-stage MOS transistor of the aforementioned n channel. 



5 DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to an operation amplifying 
10 circuit with the complementary-type output circuit which performs push 

pull operation by the output-stage MOS transistor of a p channel, and the 

output-stage MOS transistor of an n channel. 

[0002] 

[Description of the Prior Art] As the operation amplifying circuit by the 
15 CMOS process is shown in drawing 3 in many cases, a CMOS differential 
circuit is used for an input stage, and let an output stage be a single end 
type with a constant-current load. This kind of operation amplifying circuit 
has a problem in drive capacity, when the load connected with an outgoing 
end is a low-impedance load. It is because supply current is restricted by 
20 the constant-current load. In order to give sufficient drive capacity over a 
low-impedance load, it is necessary to make the impedance of a 
constant-current load sufficiently small, to enable it to supply a high 
current and to also make [ of current capacity ] an output-stage MOS 
transistor sufficiently large in connection with it. 
25 [0003] On the other hand, it can consider it to prepare the circuit which 

made the p channel and the n channel reverse, to arrange to power supply 
VDD and Grounding VSS side, as shown in drawing 4 , and to consider as a 
complementary circuit to be the operation amplifying-circuit composition 
of drawing 3 as an operation amplifying circuit advantageous to the drive 
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of a low-impedance load. The load drive by push pull operation of such a 
circuit then the p channel MOS transistor of an output stage, and an n 
channel MOS transistor is attained. 
[0004] 

5 [Problem(s) to be Solved by the Invention] However, as shown in drawing 
4 , in the complementary circuit which only combined two single end type 
operation amplifying circuits, it does not have the function which stabilizes 
the current of the p channel MOS transistor of an output stage, and an n 
channel MOS transistor. It is because there is no feedback function which 

10 output potential does not change even if penetration current increases, 
but suppresses increase of penetration current under the bias conditions 
on which a p channel MOS transistor and an n channel MOS transistor turn 
on simultaneously, and penetration current flows. Therefore, the problem 
of penetration current increasing and resulting in destruction arises. On 

15 the contrary, when the current of an output-stage MOS transistor 
decreases simultaneously, an output stage will cut off. 
[0005] This invention aims at offering the operation amplifying circuit 
which was made in consideration of the above-mentioned situation, and 
was made to carry out push pull operation of the output stage, and gave 

20 the stabilization function of output-stage current. 
[0006] 

[Means for Solving the Problem] The 1st input-stage differential-amplifier 
circuit which has an active load according [ the operation amplifying 
circuit concerning this invention ] to the 1st current Miller circuit of the 
25 differential MOS transistor pair of an n channel, and a p channel, The 2nd 
input-stage differential-amplifier circuit by which parallel connection was 
carried out to the differential MOS transistor pair of a p channel, and the 
in«put-sta=ge differential-amplifier circuit of the above 1st which has an 
active load by the 2nd current Miller circuit of an n channel, The gate is 
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controlled by the output of the input-stage differential-amplifier circuit of 
the above 1st, and the gate is controlled by the output-stage MOS 
transistor of the p channel by which the drain was connected to the signal 
outgoing end, and the output of the input-stage differential-amplifier 
5 circuit of the above 2nd. The complementary-type output circuit which has 
the output-stage MOS transistor of the n channel by which the drain was 
connected to the aforementioned signal outgoing end, The 1st current 
detector which acquires the detection current which is proportional to the 
current of the output-stage MOS transistor of the aforementioned p 

10 channel using the MOS transistor for current detection of the p channel to 
which the same bias between the gate sources as the output-stage MOS 
transistor of the aforementioned p channel is given, The 2nd current 
detector which acquires the detection current which is proportional to the 
current of the output-stage MOS transistor of the aforementioned n 

15 channel using the MOS transistor for current detection of the n channel to 
which the same bias between the gate sources as the output-stage MOS 
transistor of the aforementioned n channel is given, It has the 
current-source MOS transistor controlled by the output of the above 1st 
and the 2nd current detector, respectively. It is characterized by having 

20 the source circuit of reference current which obtains the reference 

current proportional to the sum of the above 1st and the detection current 
by the 2nd current detector as common reference current of the above 1st 
and the 2nd current Miller circuit. 

[0007] In this invention preferably the current detector of the above 1st 
25 The channel width of the MOS transistor for current detection of the 
aforementioned p channel and the ratio of channel length 1-/N of the 
channel width of the output-stage MOS transistor of the aforementioned p 
channel, and the ratio of channel length It is what is set as* (N> 1 
[ however, ]) and acquires the detection current of 1-/N of the collector 
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current of the output-stage MOS transistor of the aforementioned p 
channel, the current detector of the above 2nd The channel width of the 
MOS transistor for current detection of the aforementioned n channel and 
the ratio of channel length are set as 1-/N of the channel width of the 
5 output-stage MOS transistor of the aforementioned n channel, and the 
ratio of channel length. It is characterized by being what acquires the 
detection current of 1-/N of the collector current of the output-stage 
MOS transistor of the aforementioned n channel. 
[0008] 

10 [Function] The operation amplifying circuit by this invention also makes 

the output stage the complementary circuit by the p-channel output-stage 
MOS transistor and the n channel output-stage MOS transistor at the 
same time it makes a signal input stage a complementary circuit by the 1st 
and 2nd input-stage differential-amplifier circuit. Moreover, the active 

15 load by the 1st and 2nd current Miller circuit is prepared in the 1st and 

2nd input-stage differential-amplifier circuit, respectively. And in order to 
attain current stabilization of an output stage, the 1st and 2nd current 
detector which detects the current of the p channel MOS transistor of an 
output stage and an n channel MOS transistor is prepared, and a source 

20 circuit of reference current where the reference current proportional to 
the sum of those detection current is obtained is constituted as a source 
circuit of common reference current of the 1st and 2nd current Miller 
circuit. 

[0009] By this, by the operation amplifying circuit of this invention, if it is 
25 going to change the penetration current of an output stage If it is the 

direction where the common reference current of the 1st and 2nd current 
Miller circuit is controlled, for example, penetration current increases In 
the 1st and 2nd input-stage differential-amplifier circuit, reference 
current acts in the direction which each active load turns on more deeply, 
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and bias of the gate is carried out in the direction which turns off an 
output-stage p channel MOS transistor and an n channel MOS transistor 
by this. That is, the feedback which suppresses increase of output-stage 
penetration current starts, the output current is stabilized, and 
5 destruction by overrun etc. is prevented certainly. Since the reverse 
feedback by above-mentioned current detection and above-mentioned 
reference current control does not start to the difference of the output 
current, it is uninfluential to the amplification factor as an operation 
amplifying circuit. 
10 [0010] 

[Example] Hereafter, the example of this invention is explained with 
reference to a drawing. Drawing 1 is an operation amplifying circuit 
concerning one example of this invention. The differential MOS transistor 
pair Q1 of the n channel from which a constant current source 12 is 

15 formed in a common source, and each gate serves as an inversed input 

terminal IN2 and the noninverting input terminal IN1 at an input stage, and 
1st [ using Q3 ] differential-amplifier circuit 1, A constant current source 
11 is similarly formed in a common source, parallel connection of the 
differential MOS transistor pair Q2 of the p channel from which each gate 

20 serves as an inversed input terminal IN2 and the noninverting input 

terminal IN 1 , and 2nd [ using Q4 ] differential-amplifier circuit 2 is carried 
out, and it is arranged. 

[0011] MOS transistor Q5 of 1st current Miller circuit 3 constituted by the 
p channel MOS transistors Q7 and Q5 is inserted in the drain side of MOS 
25 transistor Q3 used as the outgoing end N1 of the 1st differential-amplifier 
circuit 1 as an active load. Similarly, MOS transistor Q6 of 2nd current 
Miller circuit 4 constituted by the n channel MOS transistors Q8 and Q6 is 
inserted in the drain side of MOS transistor Q4 used as the outgoing end 
N2 of the 2nd differential-amplifier circuit 2 as an active load. 
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[0012] Output-stage MOS transistor Q15 of the p channel by which the 
gate is controlled by the outgoing end N1 of the 1st differential-amplifier 
circuit 1, and output-stage MOS transistor Q16 of the n channel by which 
the gate is controlled by the outgoing end N2 of the 2nd 
5 differential-amplifier circuit 2 are arranged at power supply VDD and 
Grounding VSS side, respectively, a drain is connected to the signal 
outgoing end OUT in common, and the complementary-type output circuit 
5 is* constituted. 

[0013] The common source circuit 8 of reference current is established in 
10 the 1st and 2nd current Miller circuit 3 and 4. This source circuit 8 of 

reference current consists of an n channel MOS transistor Q9 by the side 
of 1st current Miller circuit 3 by which the degree of flow is controlled 
according to the amount of current of output-stage MOS transistor Q15 of 
a p channel, a p channel MOS transistor Q10 by the side of 2nd current 
15 Miller circuit 4 by which the degree of flow is controlled according to the 
amount of current of output-stage MOS transistor Q16 of an n channel, 
and resistance R1 and R2 inserted in these in series. 

[0014] In order to perform each current detection of output-stage MOS 
transistors Q15 and Q16 of the complementary-type output circuit 5, the 

20 1st and 2nd current detector 6 and 7 is formed. The gate drives in 

common with output-stage MOS transistor Q15, the source is connected 
to a power supply VDD, and the 1st current detector 6 has MOS transistor 
Q1 1 for current detection of the p channel to which the same bias 
between the gate sources as MOS transistor Q15 is given. The 2nd current 

25 detector 7 has similarly MOS transistor Q12 for current detection of the n 
channel to which the same bias between the gate sources as output-stage 
MOS transistor Q16 is given. 

[0015] An element size is set up so that the channel width W11 of MOS 
transistor Q11 for current detection and the ratio of channel length L1 1 



may fill the one following to the channel width W15 of output-stage MOS 
transistor Q15, and the ratio of channel length L15. However, N is taken as 
a larger number than 1. 
[0016] 

5 [Equation 1] W1 1 /L1 1 =(W1 5/L1 5)/N [0017] Similarly, an element size is 
set up so that the channel width W12 of MOS transistor Q12 for current 
detection and the ratio of channel length L12 may fill the two following to 
the channel width W16 of output-stage MOS transistor Q16, and the ratio 
of channel length L16. 
10 [0018] 

[Equation 2] W1 2/L1 2=(W1 6/L1 6)/N [0019] The drain of one MOS 
transistor Q11 for current detection is connected to Grounding VSS 
through the p channel MOS transistor Q13 through the resistance R3 used 
as a load. The drain of MOS transistor Q12 for current detection of 

15 another side is similarly connected to a power supply VDD through the n 
channel MOS transistor Q14 through resistance R4. The gate of these 
MOS transistors Q13 and Q14 is controlled by potential of the middle 
potential point N3 by the resistance R5 and R6 which pressures partially 
during the power supply VDD-grounding VSS. 

20 [0020] The above resistance R3, the portion of MOS transistor Q13, and 
the portions of resistance R4 and MOS transistor Q14 serve as a 
current-potential conversion circuit which changes the detection current 
by MOS transistors Q11 and Q12 for current detection into a voltage value, 
respectively, and each output node N4 and N5 is connected to the gate of 

25 MOS transistors Q9 and Q10 in the source circuit 8 of common reference 
current of current Miller circuits 3 and 4. 

[0021] Thus, operation of output current stabilization of the constituted 
operation amplifying circuit is explained below. The collector current of 
the p channel MOS transistor Q15 of the complementary-type output 
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circuit 5 and the n channel MOS transistor Q16 is detected by the 1st and 
2nd current detector 6 and 7, respectively. Since the channel width of 
MOS transistors Q11 and Q12 for current detection and the ratio of 
channel length are set as 1-/N as mentioned above to it of output-stage 
5 MOS transistors Q15 and Q16, respectively, current detection is 

performed with the detection current of 1-/N of the collector current of 
output-stage MOS transistors Q15 and Q16. 

[0022] Adjustable control of the reference current by the source circuit 8 
of reference current is carried out so that it may be proportional to the 

10 sum of the detection current by the these 1st [ the ] and 2nd current 

detector 6 and 7, and this is given by the 1st and 2nd current Miller circuit 
3 and 4 as the active load current of the 1st and 2nd differential-amplifier 
circuit 1 and 2, respectively. If it follows, for example, the penetration 
current in the complementary-type output circuit 4 increases, 

15 corresponding to this, potential will rise and the direction N1 where the 
current of active load MOS transistors Q5 and Q6 increases, i.e., one 
outgoing end, will commit the outgoing end N2 of another side in the 
direction which carries out a potential fall in the 1st and 2nd 
differential-amplifier circuit 1 and 2. Thereby, bias of the gate is carried 

20 out in the direction which both output-stage MOS transistors Q15 and Q16 
turn off, and the negative feedback of the direction which reduces 
penetration current becomes this thing. 

[0023] The above negative feedback operation is explained more 
concretely. The next assumption is set in order to simplify explanation. It 
25 shall be first referred to as R5=R6, and VDD/2 shall be obtained by the 
node N3. Moreover, it is referred to as R1=R2=R3=R4, and the p channel 
MOS transistors Q10 and Q13 make the same size the same size and the n 
channel MOS transistors Q9 and Q14. The constant current sources 12 and 
11 of the 1st and 2nd differential-amplifier circuit 1 and 2 are set to 11=12. 
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[0024] If the relation of the voltage current of the important section of 
the 1st and 2nd current detector 6 and 7 and the source circuit 8 of 
reference current is shown, it will become like drawing 2 . When the 
detection current by the 1st and 2nd current detector 6 and 7 sets to 111 
5 and 112 like illustration, it is [ ends / of resistance R3 ] voltage VT 14 
between voltage VR 4 and the gate source of MOS transistor Q14 to the 
ends of resistance R4 in voltage VT 13 and this appearance between 
voltage VR 3 and the gate source of MOS transistor Q13 by these current. 
It generates. 

10 [0025] Therefore, voltage with the three following is built between the 

gates of MOS transistors Q9 and Q10 of the source circuit 8 of reference 

current. 

[0026] 

[Equation 3] VR3+VT1 3+VT1 4+VR4 [0027] Moreover, in VT9 and the 
15 voltage between the gate sources of MOS transistor Q10, if voltage 

between the gate sources of MOS transistor Q9 of the source circuit 8 of 
reference current is set to VR1 and VR2, respectively, the following 
several 4 will be obtained [ voltage / voltage / ends / VT10 and / of 
resistance R1 and R2 ] by several 3 relation. 
20 [0028] 

[Equation 4] VT9+VR1 +VR2+VT1 0 =VR3+VT1 3+VT1 4+VR4 [0029] From the 
relation of an element size explained previously, since it is VT13 =VT10 
and VT14 =VT9, several four is rewritten by the following several 5. 
[0030] 

25 [Equation 5] VR1 +VR2=VR3+VR4 [0031] Moreover, if the current of MOS 
transistors Q9 and Q10 of the source circuit 8 of reference current is set 
to 19 and 110, a relation with the six following will be obtained from several 
5. 

[0032] 
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[Equation 6] 

R1 ? I9 + R2, I10=R3 and I11+R4, and 112 [0033] By the way, since current 19 
and 110 do not have a fork road in others, if they are 19 =110 and set to 
R1=R2=R3=R4 as mentioned above, the following several 7 will be obtained 
5 from several 6. 
[0034] 

[Equation 7] 19 =110= (I10+I12)/2 [0035] By the above, common reference 
current 19 =110 of the 1st and 2nd current Miller circuit 3 and 4 become a 
value proportional to the sum of the detection current 111 and 112 by the 
10 1st and 2nd current detector 6 and 7. Since detection current 111 and 112 
is proportional to the collector current of output-stage MOS transistors 
Q15 and Q16, if it is put in another way, respectively, common reference 
current 19 =110 will become a thing proportional to the penetration current 
of an output stage. 

15 [0036] Thus, when [ both ] penetration current increases, it works in the 
direction which MOS transistors Q5 and Q6 of the 1st and 2nd 
differential-amplifier circuit 1 and 2 turn on deeply, and since the 
reference current controlled according to the penetration current of the 
complementary-type output circuit 5 is given as the active load current of 

20 the 1st and 2nd differential-amplifier circuit 1 and 2, a reverse feedback 
starts so that the penetration current of the complementary-type output 
circuit 5 may be suppressed. Since the 1st and 2nd differential-amplifier 
circuit 1 and 2 is set up so that fixed current may flow by constant 
current sources 12 and 11, respectively, the penetration current of the 

25 complementary-type output circuit 5 will be controlled so that the fixed 
active load current flows to these after all. 

[0037] For example, detection current is 111=112 supposing the output 
potential of this operation amplifying circuit is in the simultaneously 
middle potential of a power supply VDD. Moreover, by current Miller 
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circuits 3 and 4, since the current IQ5 and IQ6 of the active load 
transistors Q5 and Q6 of the 1st and 2nd differential-amplifier circuit 1 
and 2 is IQ5=I9 and IQ6=I10 and is 19 =110, the current IQ3 and IQ4 of the 
transistors Q3 and Q4 of a differential transistor pair which are one side, 
5 respectively becomes the eight following, respectively. 
[0038] 

[Equation 8] IQ3=I1 1 =11 2=IQ4 [0039] namely, the state where detection 
current 111 and 112 is equal to the current IQ3 and IQ4 of the 
differential-amplifier circuits 1 and 2 of the first rank — in other words, 
10 the current of output-stage MOS transistors Q15 and Q16 will be 
stabilized by one N times these values of this 

[0040] Since the 1st and 2nd current detectors 6 and 7 and source circuit 
8 of reference voltage do not have a non-returned operation about the 
difference component of the current of MOS transistors Q15 and Q16 of 

15 the complementary-type output circuit 5, influence does not have them in 
the amplification factor to a difference input signal, so that easily clearly 
from the above explanation. For example, if the potential of one input edge 
IN1 rises to the input edge IN2 of another side In the 1st 
differential-amplifier circuit 1, an outgoing end N1 acts in the direction 

20 which carries out a potential fall and turns ON output-stage MOS 

transistor Q15. In the 2nd differential-amplifier circuit 2, as a result of an 
outgoing end's N's2 acting in the direction which carries out a potential 
fall and turns OFF output MOS transistor Q16, the differential amplifier of 
output-stage push pull operation that the potential of the signal outgoing 

25 end OUT rises is performed. 
[0041] 

[Effect of the Invention] The stabilization function of output-stage current 
can be given about the operation amplifying circuit of push pull operation 
by performing feedback which was described above and which according to 
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[ like ] this invention performs current detection of an output stage by 
making an output stage into a complementary circuit, and suppresses 
change of the penetration current of an output stage in the 
differential-amplifier circuit of the first rank. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The operation amplifying circuit concerning one example of 
this invention is shown. 

[Drawing 2] It is drawing for explaining operation of current control of this 
example. 

[Drawing 3] The conventional operation amplifying circuit is shown. 
[Drawing 4] The operation amplifying circuit which put the circuit of 
drawing 3 side by side is shown. 
[Description of Notations] 

1 [ — The 1st current Miller circuit, 4 / — The 2nd current Miller circuit, 
5 / — A complementary-type output circuit, 6 / — The 1st current 
detector, 7 / — The 2nd current detector, 8 / — Source circuit of 
reference current. ] — The 1st input-stage differential-amplifier circuit, 2 
— The 1st input-stage differential-amplifier circuit, 3 
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[ 0 0 0 4] 

[»W***»U<t'5 t-TSiljS] b^b, 0 4 ^ t ct 

S h7>yX^(hn5 : t^^MO.S h^>^X^^m^ 
OS h7>yX^tnft^;i^MOS b 7>i?X&tfm 

[ 0 0 0 5 ] ±85^«*#«bT^$nfc 

[ 0 0 0 6 ] 

[^j§^^^-r^fcd6cD^a] co^e^tc^^mgcifiti 
HIKtt, nft^JKOfiMOS h7>y*X^Mtpf 

OS h^>vX^^<hn^^^;K^^2©7Jl/>h^^ 

^;Kota*RMos h 7>s^x^atxmiaiB 2 oA*a 



( 3 

3 

ffi W IB ft # m tl « tC ft $ n & n -V * J KD tti 7J ft M O 

t^;Koaj*iMos h 7>i?x?<Dmffi\z\tm?z>& io 
ttm^£#£Sg 2 <Dmffi.tk\hmmt* m&mi. m2<D 

^-IsI^o^ii^2p^$ft £ Lxmmm i f ^2£Diii 
mEf&fc£Z»m*m<oftlzltMTZ&m*m*:&Z& 

[ 0 0 0 7 ] :o«^i:*^T»iL/<it ffilBfg i co 

^wni*aMos h 7 > y^^of t^;mtf 20 
;n^itoi/N (§t, n>d Kaajeanr* mis 

V s x * <o ^ * * ; v m t r * ; v & <d it tfi m sb n 9- r 

<pit<z> 1 /Nt^^^nr, ^aBn^^^;Koai*aM 
os h7>^^®3 ^fts© 1 / N©tfcaj*«E£ 

C 0 0 0 8 ] 30 

A * ft IS lb if « [hI % fc J: 0 A 77 ft * ttffiM ESS t~ 1" 
ffl*8fepft*JHH*8MOS h7>i? 
X^tnf t^;Hti*l!!MOS h7>i?X^l:j;Sffl*t 

*t6»««f*aS^S. fit, ffiiJ^^fl^tf^i 

? t^^Mos h7>yx^ot«^tait§ii, m 

1. m 2 <Dtf u> b$ 7-®mcD#mmmnffi.m\B\$&£ 

[0009] ^tiiccto, c<D$£BM<Dm&mm®$&-v 
it* &t}®<Dnmmmtf&mL<kz) t-rzt. mi, m 
2 <dx u> h 5 7-®&<D&mmmmm&uwzn. m 
z&nm&m&m±Tzj3\Si'v$>ti&* mi, m2<Dx 
JiWtmwjmmm&Tte*: ti* tin vm< * 
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[0010] 

[^Kftl] £AT» HIS#ILT, £ © * 9i CD * SS 09 £ 

iftits. ant *«09fc«s«iriifB 
mssr^^o ATjfttctt ^5§y-x*zs«*is i 2^ 
ssttetu ^ nfnoy- h^scA*«f 1 n 2 , # 

RIEATJ*^ INli^§ nft^Jl'OiiMO Sh7 
>->*x^MQi, Q 3 &m ^ftm 1 oHidJgi|e[si% 1 

t. mmiz&mv-xizfemffimi l^as^en. -tn 

ftKOy-h^KfiA^Wf IN2, ^SIEA^SB'F-I 

[0011] mi cDM»iiifilHjg§ 1 <Z>ai7J*N 1 ££S 
MOSh7>5?X^Q3©HK >fttlt pft*;i/ 
MOSh7>vX^Q7, Q 5 fC<fc D#ll&<*nfclf§ 1 O 
^U>h^7- HISS 3 (DM O S h7>yX^Q5 
flffitl/THASnTlriS. RUSK, fg 2 O^Kjiti&IlHf 
»2©ai*fflN2«!:Ja:5MOS h7>yX^Q4^Fl/ 
-f>«fctt, t^il'MOS N 7>v7^Q 8, Q6 

tC <fc 0 £tG££n/i:f£ 2 CD 7^7 U > K 5 ^ — IhJSS 4 CO MO S 

[0012] mi <Dmmmm®& loaiAiNicj:?) 
y— haiiwwsn* p^r ^jnoiii^aMo s h^>v 

X^Q 1 5 <fc, »2 0%ffi|ie«|°||&2 <om7J^N 2 {CJ: 

>?^^Q 1 6 tdt-ttl^tlftiKVDDftl, «fl&VSSfi!ICiB 
e^n, H K >$:^il(3fi^ai7J^OUTtZ^^bT 
■*B*ll!ai7JllK 5 Ofim&ZtlT^Z. 
[00 13] II, »2©*l/>hS ^-IhISS 3, 4 (C 

ttflEMlElSI 8 P7^^^;i/COtB77ftMOS h^>>?X 

i 5 <o««ssfcjiSi;T»jiK^*jffli$ne, 1 <D 

/Jl/>h5 7-@B.3 1II©nf t^;i/MOS h ^ > X 

6 ©m«&K*UT*a«a<tt»ans, m2057Ji/> 

N57-IMgS4fiiJc7)p^^^;UMOS h7>y7^Ql 
0t, cn6^iE^JtC# A$nfcfigiR 1 , R2<fc*>S 

[0 0 14] tS^SJffi7J[HlSS 5 COtB7jftMO S h ^ >>? 
X^Q15, Q 1 6 Of nf tl©*8K»Hi*ff o 
tC, »1, ffi 2 com^E^t£iiII£S 6 , 7*tRJt6tlTH 
M 1 O^^^tHlHjSS 6 tiiASMOS h7>^7 
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5 

\z&mztiT. Mosh7>>?^^Qi5tii;y-h 

iMOSh7>^^Ql U^f3. K#K:»2 (DmWL 
*ffiHIK7«, [ii^lMOSh7>y7^Qi6i^i; 

^^EUiMO S h7>yX^Ql 2 £^-T3o 
[0 0 15] m^ft^tb^MOS h7>y7^Ql 10f 

7>yX^Ql 5 C03^*;i/'llW15£? 1 i**;i/gL 1 5 CO 
JfcfcttUT, TESk 1 SiSUfc-ri^fC *^ifftj&*afi:je 10 

^ft^o §i, nh i j: o^cfrtiact-r*. 

[0016] 

[ftl] W11/L11= (W15/L15) /N 
[0 0 17] RI«fc:, *«*fflfflMOS h^>^X^Q 
1 2 ©^**JU«W12£^**;UfiL12©Jfcfc, 
MOSh7>yX^Q16 <D^ * * ;U4t Wl 6 £ 5^ -V 

16coifcK:2#LT, Tf2ft2£^fe-r<k5tc, 
8sj&*S3£3fts. 

[0018] 

[ft 2] W12/L 12= (W16/L16) / N 20 
[0019] -^©i^aiiMO Sh7>yX^Ql 

^MOSh7>yX^Q13 L T^ift V SS \z mm £ 
ft<5„ Ifi* MO S h7>y7^Ql 2 GO K 

7>yX^Q 1 4€:^UtlIVDD{C^$n§o Cft 
6©MOSh7>yX^Q13, Ql 4<Z)^- ML « 

[ 0 0 2 0 ] l^±OS^R 3 £MO S h 5>S>X^Q 1 30 

1, Q 1 2 fcck**ffi*i«£«JEffiK«»TSm*SJE 
SEifclHl&tfcoTUT, -tft^ftOtB/jy — KN 4 f N 
5 &JjU> h ^ — tnjg§ 3 . 4 (7>^iiS^m§ltZlltBlSS 8 
l:**tSMOS h7>^^^Q9, Ql O^y-htci 
i^£ft£„ 

[ 0 0 2 1 ] ^.<7>*tc*jEK3ftfcffltJ|[iii|iI5iK<Dffi*» 

f t^il/MOS h7>yX^Ql 5inf t^il^MOS 40 
h7>^^Q1603U^^Mtt, ftifnil, 
1 2 omM^tB[El£S 6 , 7 9&ai£ft3. «ffitt£ti 
iMOS h7>yX^Q 1 1, Q 1 2 r <fc ^ 

**;US<OJfcai^ft*ftfcH#RMO S h7>yX^Ql 
5, Ql 6 ©ftltMlt, ttridiCDcfc -5 *C, l/NKift 
5£3ftT<f>*J&>5. fcti 77§£M O S h7>yX^Q 1 5, 
Q 1 6 con U^^m^EO 1 /N©*fflm»E"C««tftffl^ 
ft £>tl&o 

io o 2 2i mmmmm®ffi8\zj:z>mmmm\z* zti 
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fd£Jfc«T* £5 fci**lH»$ft, dft^mi, I2c7> 
77 U> h 5 7 — ®» 3 , 4 tC ct 0 . fn^l, 12 
0jg«iig«®Rl, 2©flg»ft«f*aE£LT^*6ft 

;*;*r3<h, Cfttc^-j^bT, SB l , 1 2 <0 M ®j if ifi [hJ & 
1, 2TfttB»ft«MOSh7>y7^Q5, Q"6<0* 

ftfc£9, a*SMOSh7>5?^^Ql 5, Ql6tt 

[ 0 0 2 3 ] &±©A»a»fls£ J; OftttWfCffilB-r 

*o ft 91 ad, &co<£££i5<. 5tfR5 

= R6iL, FN 3 »CttVDD/2 **^6ftS 

t*. £ 7c > Rl=R2=R3 = R4il, P^^*;U 
MOS h7>y^^Q10tQl atll^X, 
t^MOS h7>yX^Q9iQl 4 U|S[t<Xtt 
1 1 , ffS 2 CDMKlii'fileISS 1 , 2£D^^^ZlI 2, 

I ltt, 11 = 12 <h*r* 0 

[0024] ll , 12 <D*dfMftffl[°I& 6 , 7 <hg*P^ 

•5tc^i$. 11, 1 2 <om^^£iilEl£& 6 , 7 

1E1 ^ co J: 3 ^ I 11, 112<hb/c<h^ £ft£co 
ffitaR 3 cOpfo^fcH JE VR3, MOS 
yX^QU <D¥- h • V-xra«CSJEVT13 , mtfi\Z 
SffiR 4<Dffi«ffc:*JEVR4, MOSh7>>?X^Ql4 

[0025] ^ox, mmnm,M®& s <omo s 

>>X^Q 9 <hQ 1 0 coy- hlfflfcte, TIB* 3 <0«£Ej&* 
[ 0 0 2 6 ] 

[ft3] VR3+VT13 + VT14 +VR4 

[0027] &it* mmmmMMms <dmo s b j ?>v 

9 h • V—;*IW*flE£VT9, MOSh7> 

yX^QlO coy- h • V-X|H5«ffi$ VT10 , ^SiR 
1, R 2 CDffiSBfcJEfc^ft-fft, VR1, VR2 < hT*i. 
ft 3 ir^ll^-C^coft 4^#5ft* 0 
[ 0 0 2 8 ] 

[ft4] VT9+ VR1 + VR2 + VT10 =VR3+VTI3 +V 
T14 +VR4 

[ 0 0 2 9 ] VT13 
= VT10 , VT14 =VT9T*«3&^, »4tt, ^coft 5 
K#t*&*_6ft£„ 

[ 0 0 3 0 ] 

[»5] VR1 + VR2= VR3+ VR4 

[0031] £tc. mmm%tM®m scomos y?>v 

X^Q9, Q 1 0 C0^8ft£ 19, IlOttSi* 
<b, TIBft 6 <0M«A*»5ft5. 

[ 0 0 3 2 ] 

[ft 6 ] 



( 5 ) 
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Rl • 19 + R2 • I10=R3 • I11 + R4 • 112 
[0033] mm 19,1 IOttffitC»(SK^ 

19 =I10Tr*O* SfcWjfiOJC'SfclR 1 = 
R2=R3=R4tt«t, R6j&»6*(Z>ft7 3&*1f 6*1 
5. 

[0034] . 

[ft 7 ] 19 =110= (110+112) / 2 
[ 0 0 3 5 ] cfc 0, mi, ^2©^ll/>h57- 

[HJ&S3, 4 c^^ii(^^2p^^ I 9 = I lOtt, mi, m2 
<DnWi8i&®&6, 7 fc<fcS*tfi«« I 11, I12(Z>fiUC 10 

^^MOSh7>yX^Ql 5, Ql 6(DDl/^ ^^flfE 

8«I 9 =110(1, ffia»<DK&««EfcJfcWl,&fc<0<i: 

[0036] co^tc LTta^^tB^ii^ 5 ommmm 
izjfcCTmmznzmmmm&m i , ^2o%iiiiiMisi 

»i, m 2 <Dmw)mm\Bimi , 

2WMOSh7>y^^Q5, Q 6 fC g| < it > T £ 20 

icft©7>r — HA^ M5 1 . £2coigSrJffi 

mmi. 2\ttti?nj£mmmi 2 , i n:«to-t« 

[ 0 0 3 7 ] £©«3?ii«[38&©ffi2jtt&j&iS 
«VDD(Z>{5«^P^I«fi:tC&* ttst, &ffimsfm I 11 

= 112^**. ssi, ^2 <Dmmm<m®& 1 , 2 

OfgKjm^f h 5 >i^X^Q 5 , Q6com^IQ5, I Q6tt 30 

^n^n, a u> h ^ ^-mg§3 , 4kj;d, i qs = i 

9 , IQ6=I10T&9, fit? I 9 = I lOTTftS^e, H 
lb h 7 >z?X*ttV>*rti^tl — &<D h7>yX^Q3, 
Q 4 CD^ifft I Q3, I Q4tt, TiEft 8 £ & 3 o 
[ 0 0 3 8] 

[ft 8 ] I Q3= 111=1 12= I Q4 

[0039] bus, ^ttj^sft 111, i \tiflm&<Dmnm 
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«[eI%1. 2©m^IQ3, I Q4t*bt»«lll, m^&x. 
n«» tll*»MOSh7>^^Q15, Q160?mfifE 

[ 0 0 4 0 ] &±©&91*>6S»fcg§6j&>&j; 3 K, £ 
1, £ 2 ©mSfc&miHlgS 6 , 7 &tf£9«EEi(g[El& 8 

\z* ftmmmti\z\® 5©Mosh7>^^Qi5, q 

. —J5<DXJl$& I N 1 A 2rSS I N 2 fC 

^tbT±#-r^i, £ 1 <D3£nig«IiI& 1 TfttttiaSBN 
1 MffiftTlTttl^aMOS h7>^X^Q15^t 
>JcT**lRlCfPfflU, 16 2 oiSKrJifeia^ 2 Ttima 
2 ^MfiTlTHl^MOS h7>yX^Q 1 6 £ 

a-? \z-?z>j5fo\zftm-? i^aj^^ouTcot 

[ 0 0 4 1 ] 

[f69ia>S»Jft] J^±^^/c J; ^ d co^0^(Cetn^, £B 
77&£:*§ffi^[nlS&<b It, aj*ft<z>*«j»fcti£frn, £J 

it 4i in tc t> ^ t ta a a m m <D ft ^ rt: « fig £ J# ft 1* £> C 
[SI 2 ] l^^tt^Jo^^ftiiqiGDiErf^^lK^-rd Aoia 

cis 3 ] «e*a>*jitja«iaEa£^-r. 

[is 4 ] ^3 <D®&&m&i,tcmwmm\s\&$:^-ro 

i -sg i <D\ti&mmm<i&®&, 2-noA^^ii 

au>h5^-t§I^, 5 -ffiltaffiaiilK. 6-SglO 
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